We computed by a modified tight binding approximation, the total electronic energy of three different hybrid polymers: H − SiO 2 , CH 3 − SiO 2 and C 6 H 5 − SiO 2 . We made the hypothesis that the structures of these polymers are amorphous. Computational results regarding the total electronic energy and experimental data [1] on the toughness of these three hybrid polymers were compared. A good qualitative agreement was found between computations and experiments.
If the molecular orbital σ is given by:
and the energy origin taken at the vacuum level, the Hamiltonian can be written as, in the case of sp ν (ν = 1, 2, 3) hybridization:
(i and i ′ are first neighbours) where E m is the average energy: E m = (E s − νE p )/(ν + 1)
,E s and E p are the atomic level energies,β σ is the usual hopping or resonance integral in tight binding theory (interaction between nearest neighbour atoms along the bond), ∆ s is a promotion integral (transfer between hybrid orbitals on the same site) :
The Hamiltonian of the π bonds is given by:
with |i > the π orbital centered on atom i,and β π the hopping integral for π levels.
We need only 3 parameters: β σ , β π , and ∆ σ for the homonuclear model which represent in fact the average potential V (r) and which take into account the nuclear attraction and the dielectronic interactions [12] . But due to the fact that we only take into account on average the nuclear and dielectronic interactions, we can only compare clusters with the same number of atoms.
The numerical values of the parameters are given in table 1.
In the following are the computational results compared to experiments. We computed the total electronic energy for three types of hybrid polymers: H − Si, CH 3 − Si and In figure 1 , one may see the typical structure that we used for the tight binding calculation in the case of an amorphous hybrid polymer. The picture shows a planar molecule but this may be folded and the angles between different atoms may not be equal to 90 o and the length of the bonds may be changed depending on the type of atoms [13, 14, 15, 16] . Thus it represents an amorphous structure. Here R = H, CH 3 or C 6 H 5 . Let us remark that there are sp 2 bonds in the C 6 H 5 cycle.
In figure 2 , we showed the total electronic energy as a function of the number of atoms in the polymer. We made a linear regression of the results shown in figure 3 . The result is that the slope of the total electronic energy as a function of valence electrons is the same within computational error for H − Si and CH 3 − Si: 22, 0 ± 0.6eV . Thus the difference of total electronic energy cannot be differentiated by the the number of valence electrons. But, in the case of C 6 H 5 − Si, the slope given by the linear regression is 20.9 ± 0.6eV . We can conclude from figure 3 that the total electronic energy is larger for the case C 6 H 5 − Si than for the two other cases of hybrid polymers.
This result may be related to mechanical properties of such material: the toughness of the amorphous hybrid material is the largest; indeed, the total electronic energy is related to the toughness of the electronic bonds within the structure, so the toughness of the electronic bonds can be linked to the mechanical toughness of the material.
Let us examine more in details the total electronic energy as a function of the total number of atoms. We made once again a linear regression over the three different hybrid polymers. For H − Si, we obtained:
For CH 3 − Si the result is:
and finally for C 6 H 5 − Si, we obtained:
where E is the total electronic energy in eV and N at is the total number of atoms. We see that in the case of C 6 H 5 − Si, the slope is the largest (do not forget the minus sign), therefore, the stability of such hybrid polymer is the smallest compared to the two others. This is in good agreement with the linear regression of figure 3 given before. But, in figure   3 one cannot distinguish the stability of H − Si and CH 3 − Si. With the results of figure 2, this is done: CH 3 − Si is less stable than H − Si as its total electronic energy is larger for a large number of atoms.
We To conclude, we may say that the toughness of experimental and numerical such hybrid polymers may be compared qualitatively: the toughness (and E) of H − Si is the largest followed by CH 3 − Si and finally the smallest toughness if obtained for
A final conclusion is that we made a comparison between the toughness of three different hybrid polymers and the total electronic energy obtained by a modified tight binding method.
The result is that the toughness follows the same tendency as E but only qualitatively. This is due to experimental characteristics of the sol gel process which is used to obtain these polymers which we do not take into account in our computations. 
